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Cigarette Smoking as a Predictor of
Sodium-Glucose Cotransporter 2
Inhibitor-Associated Genital Infections:
A Retrospective Cohort Study
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The most frequent adverse events asso-
ciated with sodium—glucose cotrans-
porter 2 (SGLT2) inhibitors are genital
infections, with an incidence ranging
from 3.7% to 11.4% in clinical trials
(1,2). Treatment with SGLT2 inhibitors
has also been associated with a modest
increase in the risk of urinary tract in-
fections (3). Genito-urinary infections
are more frequent in women, particu-
larly those reporting previous recurrent
episodes of such events (4).

To identify further predictors of
genital infections, a retrospective co-
hort study was performed. We enrolled
all patients with type 2 diabetes aged
=18 years and referred to the Diabetes
Outpatient Clinic of Careggi University
Hospital, Florence, between 1 October
and 30 November 2020 who had re-
ceived a prescription of an SGLT2 inhibi-
tor before 1 October 2018 and who
provided their informed consent, with
no other exclusion criteria. Demograph-
ic and clinical characteristics of patients
at the date of prescription were re-
trieved from patients’ clinical records.
The estimated glomerular filtration rate
(eGFR) was calculated using the Chronic
Kidney Disease Epidemiology Collabora-
tion algorithm and used for categoriza-
tion of renal function (for eGFR below
or above the median value). Informa-
tion on treatment discontinuation and
on genital infections, as recorded by
the physician in charge, in the 2
years after the first SGLT2 inhibitor

prescription was also retrieved from
clinical records. Patients were catego-
rized as current smokers, former smok-
ers, and nonsmokers on the basis of
their smoking status at the date of the
first prescription of SGLT2 inhibitors,
as reported in clinical records. After
excluding cases with missing data,
characteristics of patients with and
without genital infections during the
2-year follow-up were compared using
two-tailed t tests and x> tests for
continuous and categorical variables,
respectively. In addition, a Cox regres-
sion analysis was performed, with
genital infections as time-dependent
outcome and sex, age, and patient
characteristics significantly associated
with events in univariate analysis as
covariates. Statistical analysis was per-
formed with IBM SPSS Statistics 27.0.
The study protocol was approved by
the local Ethical Board of Florence
(Ref. 18526_0ss/2020), and it was per-
formed as part of the institutional
activity of the investigators, with no
specific funding. Out of 508 enrolled
patients, 53 (10.4%) reported at least
one episode of genital infection during
the follow-up period.

The proportion of patients reporting
a genital infection after the initiation of
SGLT2 inhibitor therapy was 18.3%,
9.4%, and 7.1% in current smokers,
former smokers, and nonsmokers, re-
spectively (P < 0.01). The difference in
incidence of genital infection between
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patients with eGFR above or below me-
dian values (88 mL/min/1.73 m?) was
not statistically significant (11.7% vs.
7.3%, respectively, P = 0.09). No other
parameter was significantly different
between patients with or without infec-
tions. The results of Cox regression are
summarized in Fig. 1. Current smoking
was associated with a significant in-
crease in the risk of genital infection
even after adjusting for age, sex, and
renal function.

To our knowledge, this is the first re-
port of an association between smoking
status and genital infections associated
with the use of SGLT2 inhibitors. Mech-
anisms underlying this association are
hypothetical: smoking may alter resi-
dent microbial flora in the genital tract
or increase the susceptibility to infec-
tions (5).

The current study is intended to be
a preliminary exploration of factors
associated with genital infection
in patients with type 2 diabetes
treated with SGLT2 inhibitors. The
relatively small sample size could
have prevented the observation of
other relevant associations. In addi-
tion, the association of smoking with
infections could have been deter-
mined by undetected confounders.
Furthermore, the diagnosis of genital
infection and the determination of
smoking status were based on clini-
cal records, with possible misclassifica-
tions and/or incomplete reporting. The
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Figure 1—Cox regression analysis for predictors of infection. Hazard ratios (with 95% Cl) are given for incident genital infections. F, female.

retrospective nature of the study, based
on annotations of adverse events re-
ported in clinical records, prevented a
reliable distinction between genital and
urinary tract infections. For the same
reason, it was not possible to retrieve
reliable information on prior genital
infections, which are a known risk fac-
tor for this adverse event. In addition,
the sample studied, which was en-
rolled in a single diabetes outpatient
clinic of a university hospital, cannot
be considered representative of the
whole population of patients with dia-
betes receiving treatment with SGLT2
inhibitors; furthermore, the modera-
tors of SGLT2 inhibitor—associated
genital infections may vary on a differ-
ent genetic and cultural background.
The higher prevalence of genital infec-
tion compared with that in most trials
(1,2) could have been determined by
differences in case mix.

In conclusion, cigarette smoking ap-
pears to be a relevant predictor of geni-
tal infections associated with SGLT2
inhibitor treatment, deserving further
investigation with specific, larger-scale
observational studies and with analyses
of data from randomized trials.

Duality of Interest. I.D. has received speak-
ing fees from Novo Nordisk. E.M. has received
consultancy fees from Merck and Novartis,
speaking fees from AstraZeneca, Bristol-Myers
Squibb, Boehringer Ingelheim, Eli Lilly, Merck,
Novo Nordisk, Sanofi, and Novartis and re-
search grants from Merck, Novartis, and Take-
da. No other potential conflicts of interest
relevant to this article were reported.

Author Contributions. D.S. was involved in
design, data collection, analysis, and writing
the manuscript. G.C. was involved in data col-
lection. I.D. was involved in analysis. E.M. was
involved in design, analysis, and writing the
manuscript. D.S. and E.M. are the guarantors
of this work and, as such, had full access
to all the data in the study and take

responsibility for the integrity of the data and
the accuracy of the data analysis.

References

1. Usiskin K, Kline I, Fung A, Mayer C, Meininger
G. Safety and tolerability of canagliflozin in
patients with type 2 diabetes mellitus: pooled
analysis of phase 3 study results. Postgrad Med
2014;126:16-34

2. Kohler S, Zeller C, lliev H, Kaspers S. Safety
and tolerability of empagliflozin in patients with
type 2 diabetes: pooled analysis of phase I-llI
clinical trials. Adv Ther 2017;34:1707-1726

3. Wu JH, Foote C, Blomster J, et al. Effects of
sodium-glucose cotransporter-2 inhibitors on
cardiovascular events, death, and major safety
outcomes in adults with type 2 diabetes: a
systematic review and meta-analysis. Lancet
Diabetes Endocrinol 2016;4:411-419

4. Tentolouris A, Vlachakis P, Tzeravini E,
Eleftheriadou I, Tentolouris N. SGLT2 inhibitors: a
review of their antidiabetic and cardioprotective
effects. Int J Environ Res Public Health 2019;16:
2965

5. Brotman RM, He X, Gajer P, et al. Association
between cigarette smoking and the vaginal
microbiota: a pilot study. BMC Infect Dis 2014;14:
471



